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(57) Abstract: The present invention provides apparatus and methods for handling fluids returning from a well. The fluids are 
Q introduced into a separator (1 10) and a separated gas stream (60) is recovered or recycled. The gas stream may comprise more than 

one phase. The separated gas stream is urged through a multiphase pump<200) before it is recovered. Alternatively, the return fluids 
^ may pass through a multiphase pump before it is introduced into the separator. 
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second plunger 222 is moving in an opposite direction toward a retracted position 
This causes the return fluid in the second plunger cavity to expel through an outlet 
235. In this manner, the multiphase return fluid may be effectively moved to a 
separator 110. Although a pair of cylinders 211, 212 is disclosed, it is contemplated 
that the aspects of the present invention may be used with one cylinder or any 
number of cylinders. 

Even though the wet gas contains three phases, the multiphase pump 200 may 
effectively increase the pressure of the wet gas in the wet gas line 60 and recycle the 
wet gas back to the well inlet. 20. In this respect, the fluid handling circuit 5 
according to aspects of the present invention may significantly reduce the 
requirements of separation equipment for recycling the wet gas. Moreover the 
multiphase pump 200 will allow recovery or recycling of low pressure gas. In this 
manner, valuable return fluid.gas such as nitrogen and natural gas may.be recycled 
and/or recaptured. 

The fluid handling circuit 5 may include a flare line 65 connected to the wet gas line 
60. The flare line 65 may be used to discharge excess wet gas in the wet gas line 
60. The flare line 65 may direct the excess wet gas to a flare stack or a collecting 
unit for other manners of disposal. 

The oil contained in the return fluid is separated at the second stage. The separated 
o.l collects in a tank (not shown) placed in the second stage of the separator 110 
When the oil reaches a predetermined level in the tank, the oil is removed from the 
separator 110 through line 80. Typically, the oil is disposed in an oil tank for 
recovery. 

Finally, liquid that is substantially free of oil collects in a chamber or reservoir (not 
shown). Typically, the liquid consists substantially of water. When the liquid reaches 
a predetermined level, it is discharged to the drilling fluid supply 50 through line 75 
In th.s manner, the liquid may be recycled for use during the drilling operation The 
crcuit 5 may optionally include a secondary separator (not shown) to separate out 
any gas remaining in the liquid before delivering it to the drilling fluid supply 50 The 
separated gas may either be flared or delivered to the wet gas line 60 through a line 
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(not shown) connecting line 75 to line 60. From the drilling fluid supply 50, the liquid 
may be delivered to the well inlet 20 by a pump 55. 

In another embodiment, an export line 70 may be connected to the wet gas line 60. 
When natural gas is used as the lightening gas or the drilling occurs in a producing 
formation, the wet gas leaving the separator 110 will contain valuable natural gas. 
The multiphase pump may be used to increase the wet gas pressure to that of the 
export line. Thereafter, the wet gas may be captured and realized by directing the 
gas stream to the export line 70. As a result, the well 10 may start producing for an 
operator even before the well 10 is completed. 

In operation, the return fluid exiting the well outlet 15 enters the separator 110 for 
separation as shown in Figure 1. The return fluid is processed in the separator 110 
to produce separate streams of solids, liquids, oil, and gas. The solids are removed 
from the separator 1 10 through line 85. The oil is removed from the separator 1 1 0 
through line 80. The liquid is removed from the separator 110 through line 75 and 
delivered to the drilling fluid supply 50 for recycling. The gas is removed from the 
separator 110 through line 60. From there, the wet gas enters the multiphase pump 
200 where its pressure is increased to facilitate transport through the system 5. 
Even though the wet gas contains more than one phase, the multiphase pump 200 
may effectively increase the pressure of the wet gas. The wet gas leaving the 
multiphase pump 200 is directed to the well inlet 20 through line 60 and re-used. 
Alternatively, if the wet gas contains hydrocarbons, the export line 70 may be 
opened to deliver the hydrocarbons for sale or other use. If excess wet gas exists, 
the flare line 65 may be opened to direct wet gas to a flare stack for disposal. In this 
manner, the wet gas in the return fluid may be recycled, collected, or otherwise 
disposed. 

As shown in Figure 1 , the circuit 5 may optionally include a second gas supply 32 
connected to the separator 110. The second gas supply 32 may be used as an 
additional source of gas such as nitrogen. Additionally, the second gas supply may 
assist with transient fluid flow management common with underbalanced drilling 
operations. 
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In another embodiment (not shown), the wet gas leaving the multiphase pump 200 
may be directed to a secondary separator. The secondary separator may be used to 
remove substantially all of the entrained solid and liquid. The separated streams of 
flu.d may then be directed to their respective disposal line. The gas stream teaving 
the secondary separator will be substantially void of liquid or solid. If desired 
another multiphase pump may be used to boost the pressure of the gas stream 
before it is redirected back to the well inlet 20. 

In another embodiment, the export line 70 may alternatively be used as an import 
l.ne 70. In this respect, the import line 70 may be connected to the wet gas line 60 
The .mport line 70 may be used to supply gas into the wet gas line 60 for introduction 
mto the well 10. In this manner, gas may be added to lighten the drilling fluid from an 
outside source. 

Figure 3 illustrates another embodiment according to the aspects of the present 
.nvent.on. In this embodiment, a second multiphase pump 92 is disposed between 
the well outlet 15 and the separator 110. One advantage of the second multiphase 
pump 92 is that it may boost the pressure of the return fluid to facilitate recycling 
thereof. For example, in some wells, the return fluid leaving the well outlet has very 
low pressure. The first multiphase pump may not be able to increase the wet gas 
pressure sufficiency for efficient recycling. In such instances, the second multiphase 
pump may provide the additional boost needed to recycle the return fluid. In another 
aspect, the fluid handling circuit 5 may include an optional bypass line 94 to 
cicumvent the second multiphase pump 92 when the return fluid is of sufficient 
pressure. In another aspect still, the second multiphase pump 92 may be used 
without the multiphase pump 200. In this instance, the second multiphase pump 92 
may be designed to increase the pressure of the wellstream sufficiently so as to 
result .n a desired wet gas pressure leaving the separator 110. Consequently the 
wet gas may be recycled or exported without the need of multiphase pump 200. ' 

Although the embodiments described above relates to underbalanced drilling, it must 
be noted that aspects of the present invention are equally applicable to a well not 
undergoing underbalanced operations. Rather, it is contemplated that aspects of the 
present invention are generally applicable to the management of wellbore fluids and 
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pressures during wellbore operations without relying on fluid weight to achieve such 
management. 

In another aspect, the fluid handling system 400 may be used to handle fluids from a 
wellbore during well testing. Figure 4 shows a well 410 having a temporary 
production testing equipment including a production tubing 415 and at least one 
packer 420 disposed between the wellbore 410 and the production tubing 415. 
During testing, the well 410 is permitted to flow hydrocarbon for a period of time so 
that a quantitative analysis may be performed to determine the hydrocarbon 
reserves of the well 410. In some instances, the well 410 may be permitted to flow 
for a period of 10 days before the testing is complete. 

During production testing, fluid in the wellbore 410 is allowed to move up the tubing 
415, exit the well 410, and enter a separator 425. The fluid is a multiphase fluid 
because it may contain gas, oil, water, or combinations thereof. In the separator 
425, the fluid is separated into different streams of oil, water, and gas. It must be 
noted that each stream may contain a small amount of various phases. For 
example, the gas stream may contain small amounts of water and oil, and thus, may 
appropriately be considered a wet gas stream. The wet gas stream leaving the 
separator 425 is directed to a multiphase pump 430 where its pressure is increased 
to a level greater than or equal to the pressure in an export line 435. In this manner, 
the wet gas stream may be captured during well testing. As a result, the aspects of 
the present invention provide a method and apparatus to handle fluids from the well 
410 during well testing without flaring. However, if desired, the fluid handling system 
400 may optionally include a flare line 445 connected to the wet gas line 440. The 
flare line 445 permits flaring of the wet gas stream and adds versatility to the system 
400. The separated oil and water leave the separator 425 through lines 450 and 
455, respectively. 

As shown in the Figure 4, the system 400 may optionally include a second 
multiphase pump 460 disposed between the well outlet 465 and the separator 425. 
The second multiphase pump 460 may increase the pressure of the return fluids so 
the wet gas pressure leaving the separator 425 is greater than or equal to the export 
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second multiphase pump 460. 

While the foregoing is directed to embodiments of the present invention, other and 
further embodiments of the invention may be devised without departing from the 
basic scope thereof, and the scope thereof is determined by the claims that follow 
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We Claim: 

1. A system for handling fluids returning from a well, the well having an inlet and 
an outlet, comprising: 

a separator having an inlet and an outlet, wherein the inlet of the separator is 
in selective fluid communication with a source of the return fluids; and 

at least one multiphase pump in selective fluid communication with the 
separator. 

2. The system as claimed in claim 1, wherein the at least one multiphase pump 
comprises at least one cylinder having a respective plunger. 

3. The system as claimed in claim 2, wherein the at least one multiphase pump 
comprises a first cylinder and a second cylinder. 

4. The system as claimed in claim 3, wherein the respective plungers in the first 
cylinder and the second cylinder move in alternating cycles. 

5. The system as claimed in any of claims 1 to 4, wherein a wet gas is separated 
from the fluids. * 

6. The system as claimed in claim 5, wherein the wet gas comprises more than 
one phase. 

7. The system as claimed in any preceding claim, wherein the separator is a four 
phase separator. 

8. The system as claimed in claim 1, wherein a first multiphase pump is 
connected to the outlet of the separator. 

9. The system as claimed in claim 8, wherein a second multiphase pump is 
disposed between the inlet of the separator and the outlet of the well. 
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10. The system as claimed in claim 8, wherein a wet gas is delivered to the first 
multiphase pump. 

11. The system as claimed in claim 10, wherein the wet gas is delivered from the 
first multiphase pump to the well inlet. 

12. The system as claimed in claim 10, wherein the wet gas is delivered from the 
first multiphase pump to an export line. 

13. The system as claimed in claim 1, wherein the outlet of the separator is in 
selective fluid communication with the inlet of the well. 

14. The system as claimed in claim 13, wherein a portion of the return fluid is 
recycled to the well inlet. 

15. The system as claimed in claim 14, wherein the recycled portion comprises a 
wet gas. 

16. The system as claimed in claim 15, wherein the wet gas is selected from the 
group consisting of nitrogen, hydrocarbon, and combinations thereof. 

17. The system as claimed in claim 1, wherein the at least one multiphase pump 
is disposed between the inlet of the separator and the outlet of the well. 

18. The system as claimed in claim 17, wherein the return fluids comprise a wet 
gas. 



19. The system as claimed in claim 18, wherein the wet gas is recycled to the well 
inlet. 
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20. The system as claimed in any of claims 17 to 19, wherein the at least one 
multiphase pump comprises at least one cylinder having a respective plunger. 

21 . The system as claimed in claim 20, wherein the at least one multiphase pump 
comprises a first cylinder and a second cylinder. 

22. The system as claimed in claim 21 , wherein the respective plungers in the first 
cylinder and the second cylinder move in alternating cycles. 

23. The system as claimed in claim 1, wherein the well is in an undeibalanced 
state. 

24. The system as claimed in claim 23, wherein the at least one multiphase pump 
comprises at least one cylinder having a respective plunger. 

25. The system as ciaimed in claim 23, wherein the at least one multiphase pump 
comprises a first cylinder and a second cylinder, wherein the first cylinder and the 
second cylinder move in alternating cycles. 

26. The system as claimed in any of claims 23 to 25, wherein a wet gas is 
separated from the fluids. 

27. The system as claimed in any of claims 23 to 26, wherein the separator is a 
four phase separator. 

28. The system as claimed in claim 26, wherein the wet gas is delivered from the 
first multiphase pump to the well inlet. 

29. The system as claimed in claim 26, wherein the wet gas is delivered from the 
first multiphase pump to an export line. 



13 



WO 2004/005670 

PCT/US2003/021487 

iL n H S r m " **" *" **" 23 ' - -* 11,6 al « Pump 
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31 . The system as data* , n Cairn 30, wherein the at least one mulflphase p UmD 
contpHsesatteastonecylWerhavinga^peotiveptunger. W 

* The system as claimed in dalm 31, wherein flte at least one mulflphase pump 
compnses a Brat cylinder and a second cylinder. P^epump 

IderTndT 1 " T" " **" * " h "* "» ■" •» « 
cylinder and the second cylinder move In alternating cycles. 

34. A method of handling fluids returning from a well, comprising* 
introdudng the fluids into a separator; and 

imrodudng a, leas, a portion of the fluids into a, teas, one multiphase pump. 
1 mlr" " ^ ~ * - * we, gas 

36. The method as daimed in Calm 35, further comprising recyding me we, gas. 

37. The method as daimed in dalm 35 or 36, wherein the we, gaa comprises one 
or more phases. wmpnses one 

38. • The method as claimed in claim w t,,,*^ 

loan export line. d ' n Cla,rn ^ ,urther »">P«»g delivering the we, gas 

muflinhl! 8 mS,h0d 38 C ' aimed ^ °' ^ 34 to * » hBrei " •» a, leas, one 
mulflphase pump comprises a, leas, one cylinder having a reapecflve piunger. 

40. The method as claimed in dalm 39, wherein the a, teas, one mulflphase ounv, 
compnses a firs, cylinder and a second cylinder. P P "* 
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41. The method as claimed in claim 40, wherein the respective plungers in the 
first cylinder and the second cylinder move in alternating cycles. 

42. The method as claimed In any of claims 34 to 38, wherein the at least one 
multiphase pump comprises a first cylinder and a second cylinder, wherein the first 
cylinder and the second cylinder move in alternating cycles. 

43. The method as claimed in claim 34, wherein the well is undergoing 
underbalanced operations. 
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